T he diagnosis of CSF hypovolemia still has controversial aspects. However, there seems to be consensus about applying an EBP for treating CSF hypovolemia when the epidural CSF leak is clearly detected by spinal MRI or CTM and conservative therapy has not helped. Normally, when the point of CSF leakage is clearly detected, an EBP is applied at its proximal area. If this is not the case and CSF leakage is widely spread, an EBP is performed a few times via approaches to different spinal levels to cover all possible leakage sites. Repeated puncture into the cervical or thoracic epidural area, however, involves high risk and contributes to a higher level of stress for the surgeon. As a solution, we introduce a new multiple-site EBP administration technique that involves a onetime placement of a catheter in the epidural space from the A novel technique of multiple-site epidural blood patch administration for the treatment of cerebrospinal fluid hypovolemia Object. An epidural blood patch (EBP) is a widely accepted standard procedure to treat CSF hypovolemia, especially when the epidural CSF leak is detected by spinal MRI or CT myelography (CTM). In quite a few cases, however, the leaked CSF is spread over a large area along the spinal epidural space, making it difficult for the surgeon to clearly identify the true leakage points. In such cases, autologous blood can be infused at multiple spinal levels with multiple entries. In this paper, the authors have devised a new multiple-site EBP method with a single lumbar entry point by way of using an intravenous catheter as a slidable device for continuous infusion. In this report, they introduce this new, single-entry, continuous multiple-site EBP administration technique and report some of the results that they have obtained.
Methods. An EBP was applied via an epidural catheter in 5 patients with spontaneous CSF hypovolemia (3 men and 2 women; mean age 47.2 years, range 34-65 years). The detection of an epidural CSF leak was based on MRI and/or CTM findings. In all cases, however, the leakage sites could not be identified clearly. The main symptoms of these patients were recurrent spontaneous chronic subdural hematoma with orthostatic headache (3 patients) and orthostatic headache only (2 patients). All patients underwent surgery in the prone position on an angiography table, and biplane fluoroscopy was used for accurate manipulation. After administration of a local anesthetic, the authors inserted a 4-Fr short sheath (which is standard in angiography) through the lumbar interlaminar window and placed it in the dorsal epidural space. They then introduced a 4.2-Fr straight catheter through the sheath and navigated it upward along a 35-gauge guidewire whose tip was moved upward beyond the cranial end of the detected CSF leakage. Blood was obtained from each patient from a previously secured venous entry on the forearm, and it was injected slowly into the epidural catheter. Each time, the authors tried to infuse as much autologous blood as possible into the epidural space, while moving the catheter gradually in the caudal direction in response to the patient's expression of pain.
Results. In all 3 cases of chronic subdural hematoma, its recurrence was prevented. In 1 patient, the orthostatic headache disappeared completely, and it was relieved in the other 4 patients.
Conclusions. An efficient treatment option for CSF hypovolemia is provided by the new application method of EBP with the aid of an intravenous catheter as a slidable device, which enables infusion of a sufficient amount of autologous blood into multiple epidural areas with a single lumbar entry point. lumbar entry point up to as high as the C-2 level. Used as a slidable device, the catheter proves to be an effective tool to distribute autologous blood throughout or into selected areas of the spinal epidural space, making repeated insertions unnecessary. We report some of our results.
Methods

Patient Population
Five patients (3 men and 2 women; mean age 47.2 years, range 34-65 years) with spontaneous CSF hypovolemia, who were diagnosed on the basis of MRI and/ or CTM findings (Fig. 1) , underwent administration of EBP with the aid of an intravenous catheter as a slidable device. The clinical and radiological findings in all 5 patients are summarized in Table 1 . All patients gave informed consent prior to undergoing this procedure.
Surgical Procedure
All patients underwent surgery in the prone position on an angiography table; biplane fluoroscopy was used for accurate manipulation. After administration of a local anesthetic, we inserted a 14-gauge epidural needle (80-mm disposable epidural needle, Hakko Co.) from the lumbar interlaminar window by the paramedian method (Fig. 2) to set the short guidewire for the placement of a 4-Fr short sheath (10-cm Radifocus Introducer IIH, Terumo Co.). This short sheath, which is standard in angiography, was placed into the dorsal epidural space along the short guidewire. We then introduced a 4.2-Fr straight catheter (70-cm Selecon PA Catheter, Terumo/Clinical Supply Co.) through the short sheath and navigated it upward along a 35-gauge guidewire (E Type 150-cm Radifocus Guidewire M, Terumo Co.) whose tip had been forwarded beyond the cranial end of the detected CSF leakage (Fig. 3) . Before injecting the blood, we infused contrast medium through the catheter to check its accurate placement in the epidural space (Fig. 4) . Then we injected the autologous blood that had been obtained from each patient from a previously secured venous entry in his or her forearm. Each time, we tried to infuse as much autologous blood as possible into the epidural space while moving the catheter gradually in the caudal direction. The infusion went smoothly at those sites at which leaked CSF had already widened the epidural space. We continued with the infusion until the patient expressed pain, whereupon we stopped the infusion and slid the tip of the catheter caudally to resume it. Overall, we controlled the infused blood volume by repeating this procedure. A plain spinal CT scan was obtained immediately after the surgical intervention to examine the distribution of the infused blood (Fig. 5 left) . 
Results
The operative and radiological outcomes in all 5 patients are summarized in Table 2 . In all 3 cases with recurrent spontaneous CSDH developing against the drainage of the hematoma, recurrence was prevented after the application of a one-time multiple-site EBP. In 1 patient (Case 2), the orthostatic headache disappeared completely, and it was relieved in the other 4 patients. Two of these patients (Cases 4 and 5), who originally had experienced gradually worsening headaches in a sitting or standing position, were left only with a very mild dull headache after the operation. The patient in Case 1, who previously had suffered from temporoparietal headache when trying to stand up, reported only mild postoperative headaches that were unrelated to posture. The patient in Case 3 was relieved from headache accompanied by nausea when trying to stand up, and he reported only a very mild dull headache, unaccompanied by nausea, after the treatment. The MRI assessment of the postoperative reduction of the epidural CSF leak was difficult because of mixed signals from residual CSF and injected autologous blood (Fig. 5  right) . However, the integral volume of the postoperative epidural CSF leak, as assessed using axial MRI, was certainly reduced in all 5 cases, as shown in Table 2 .
Discussion
There are basically 2 approaches to diagnose CSF leakage. One is to confirm it directly on radiographic images and the other is to use indirect radiographic image analyses. The first approach includes radioisotope cisternography, 5 spinal MRI, and CTM, and the second takes as indication early bladder filling of radioisotope or rapid disappearance of radioisotope in the CSF space as observed by radioisotope cisternography, 5 sagging of the brain, or diffuse pachymeningeal enhancement as observed on intracranial MRI. 1, 3, 4, 7 However, we also acknowledge the fact that there are doubts as to whether radioisotope cisternography or indirect imaging can really provide a solid indication of CSF hypovolemia. Therefore, in this study, we have administered a multiple-site EBP via a slidable catheter only in those few cases in which an epidural CSF leak was clearly detected on spinal MRI or CTM.
Multiple-level and multiple-entry EBPs have been applied so far to treat CSF hypovolemia with indefinite leakage points. However, the risk factor and the surgeon's stress level increase significantly as both the level of the spinal cord to be approached and the frequency of the EBP administration become higher. The one-time multiple-site EBP approach via slidable catheter has an advantage in that it enables relatively safe access to almost the entire spinal epidural space from the lumbar level. Advancing the tip of the catheter to the highest required spinal level can be facilitated using the biplane fluoroscope. The infusion of autologous blood can follow at any level now by simply lowering the position of the outlet.
Some might regard the multiple-site EBP approach as inadequate when CSF leakage is detected at the lower lumbar or lumbosacral level, which would lie lower than the insertion point of the catheter. However, we believe that the infused autologous blood will permeate easily along the epidural space in the caudal direction if CSF had already spread over a large area. If CSF leakage is locally limited to these levels from the beginning, the administration of a conventional EBP should be enough.
Generally, if there is only a single limited leakage area and the leakage point can be clearly detected, a single proximally targeted EBP will be sufficient. If CSF leakage continues even after repeated administration of conventional EBP, direct surgery is also an option. 2, 6, 8 However, experience shows that there are quite a few cases in which a CSF leak is observed in a large epidural area without clear detection of the possibly plural leakage points. The one-time multiple-site EBP administration technique as introduced in this study provides a safe and effective solution to such cases, since it enables the surgeon to gain access to the almost entire spinal epidural space from a safe lumbar entry point and to administer sufficient autologous blood at any targeted levels.
Conclusions
Our administration method of single-entry, multiplesite EBP utilizing an intravenous catheter as a slidable device provides a safe and effective treatment method for CSF hypovolemia. This method enables infusion of a sufficient amount of autologous blood into multiple epidural areas from a single lumbar access point.
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